Background: Smoking and alcohol consumption have become major public health problems among Chinese women. In this study we explore the behavioral trends in smoking and alcohol consumption of Chinese women. We also explored the changes in the sociodemographic factors that affect the smoking and alcohol consumption behaviors of Chinese women at different reproductive stages. Methods: We used the Chinese Health and Nutrition Survey data for 2004 to 2011 to investigate the trends and influential factors of tobacco and alcohol consumption among Chinese women. Data for tobacco and alcohol consumption (consumption of beer or any other alcoholic beverage and smoking of cigarettes) were extracted using questionnaires. We applied the χ 2 test to examine the trends of alcohol and tobacco consumption among Chinese women over the period of 2004 to 2011. We conducted two penalized logistic regressions with age as the continuous and classification variable (18-23, 24-29, 30-44, and 45-49 years), and independent variables included residence, age, and marital status. 
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The smoking and drinking behaviors of women are closely related [21] . Alcohol use increases the risk of exposure to drugs, such as tobacco [22] . The historically low smoking and drinking rates among Chinese women may be attributed to cultural constraints. In recent years however, tobacco and alcohol consumption by young Chinese women has increased. Previous studies examined the trends of alcohol consumption among Chinese women from 1993 to 2006 by using data from the China Health and Nutrition Survey (CHNS) [20] . However, recent trends in alcohol and tobacco consumption among Chinese women have not yet been subjected to multifactorial analysis.
In the present study, we explored the smoking and drinking behaviors of Chinese women by using CHNS data from the years of 2004 to 2011. We conducted a multifactorial analysis, using set inclusion and exclusion criteria to include additional information, such as demographic characteristics. Finally, we discussed the relationship between smoking and drinking among Chinese women. We also considered the differences in smoking and drinking behaviors among women at different reproductive stages. This study specifically aimed to (1) describe the demographic factors and changes that affect the smoking and drinking behaviors of Chinese women; (2) explore the changes in the trends of the smoking and drinking behaviors of Chinese women over the period of 2004 to 2011; and (3) explore the differences in smoking and drinking behaviors of Chinese women at different reproductive stages.
Materials and Methods

Study Sample and Ethical Considerations
Given that this study used public data collected through the CHNS, our organization did not conduct an ethics review. The CHNS collected data from nine provinces (Liaoning, Jiangsu, Shandong, Henan, Hubei, Hunan, Guangxi, Guizhou, and Heilongjiang) and three major cities (Beijing, Shanghai, and Chongqing). These cities were only included in the CHNS in 2011. Numerous important studies on health, demographic, socioeconomic, and nutritional policies have been conducted on the basis of CHNS data. The present study was based on the CHNS data for 2004, 2006, 2009, and 2011 . Missing values were deleted, and the data of 11,236 (2764 in 2004, 2645 in 2006, 2550 in 2009 , and 3277 in 2011) adult women (aged 18-49 years) were included. Additional information has been provided in a previous study [23] .
Outcome Variables
The survey questionnaire determined alcohol consumption on the basis of the response to the question "Did you drink beer or any other alcoholic beverage this year?" Tobacco consumption was determined on the basis of the response to the question "Have you ever smoked cigarettes (including hand-rolled or device-rolled cigarettes)?" The answers to these questions were either "yes" or "no". In accordance with the survey questionnaire, we defined drinking as having had at least one drinking experience in the year preceding the survey year, and smoking as having at least one smoking experience. All adults aged 18 years and older were asked to answer the questionnaire.
Covariates
The analysis included the following variables: residence, age, family living situation, marital status, household registration type, highest educational level, current educational status, and work status. Age was divided into four groups, in accordance with the different reproductive stages of women: 18-23 (puberty), 24-29 (optimal reproductive age), 30-44 (premenopausal) , and 45-49 years (menopausal). Residence was classified as either urban or rural. The family living situation was divided into either "father/mother resides with family" or "father/mother does not reside with family." The household registration of the participants was classified as either urban or rural. Educational levels were determined on the basis of the responses to the following two questions: "How many years of formal education have you completed in a regular school?" and "What is the highest level of education you have attained?" The participants were divided into four groups, in accordance with educational attainment: primary school and below, secondary and primary school graduates, high school and secondary technical school, and university or above. The current educational status was determined.
Statistical Analyses
Frequencies and percentages were used to describe the characteristics of the participants. The age of the participants was presented as the mean (standard deviation). The χ 2 test was used to examine the trends in alcohol and tobacco consumption among women during the years of 2004 to 2011. Given that Chinese women rarely smoke or drink [24] , alcohol use and tobacco use were used as dependent variables for punishment logistic regression modeling, which is more suitable for our research than the ordinary regression method. Age was included as a continuous variable. Participants were allocated into four groups on the basis of age, to examine the tobacco and alcohol consumption behaviors of adult women at different reproductive stages. Two penalized logistic regression models were developed by using residence and age as classification, and continuous variables and family living situation, marital status, household registration type, highest educational level, current educational status, and work status as independent variables. The models were then used to explore the differences in the smoking and alcohol consumption behaviors of Chinese women at different reproductive stages. All tests were two-sided, and p < 0.05 was considered to be statistically significant. All data analyses were performed by using statistical software (SAS version 9.4.3; SAS Institute, Cary, NC, USA).
Results
Characteristics of the Study Sample
Our study included 11,236 adult women aged 18-49 years old. All participants were identified by using CHNS data. A total of 169 participants reported that they had previous smoking experience, and 1170 participants reported that they had previous drinking experience. Among the participants, 65.02% resided in rural areas. The average age of the participants was 36.96 ± 8.35 years, and 87.78% of the participants were married. Moreover, 59.02% of the participants were from rural households, 67.07% had the highest educational attainment of primary and secondary school or lower, and 70.02% were employed (Table 1) . 
Trends of Tobacco and Alcohol Consumption Rates
We found that 1.45%, 1.78%, 1.33%, and 1. 1 Participants who had previous smoking experience; 2 Participants who had no previous smoking experience; 3 Participants with previous drinking experience; 4 Participants without previous drinking experience; 5 Number of participants; * Statistically significant (p < 0.05).
Penalized Logistic Regression Analysis of Tobacco Consumption among Participants without Age Classification
Our data showed that age was positively correlated with tobacco consumption among adult women in 2009 , 2009 , and 2011, married participants were less likely to smoke than single women. In 2004, 2006, 2009, and 2011 , adult women with previous drinking experience were more likely to smoke than those without previous drinking experience (Table 3) .
Penalized Logistic Regression Analysis of Alcohol Consumption among Participants without Age Classification
From 2004 to 2011, respondents who resided in rural areas were less likely to drink than those who resided in urban areas. Secondary and primary school graduates were less likely to drink than those with an educational level of primary school or below. Alcohol consumption rates increased among participants with an educational attainment of university or above, but remained constant among women with an educational attainment of high school and secondary technical school. In 2004, 2006, and 2011, unemployed respondents were less likely to drink than employed respondents. In 2004, 2006, 2009, and 2011 , women with previous smoking experience were more likely to drink than those without prior smoking experience (Table 4) . , respondents from rural households were more likely to smoke than those from urban households. Adult women with previous drinking experience were more likely to smoke than those without previous drinking experience (Table 5 ). (Table 6 ).
Overall, we found similar results for tobacco consumption (Tables 3 and 5) . Age, marital status, and alcohol consumption were considerably correlated with tobacco consumption among adult women of reproductive age. In addition, residence, high educational attainment, working status, and tobacco consumption were considerably associated with alcohol consumption (Tables 4 and 6 ). Women in different age groups exhibited different smoking or drinking tendencies (Tables 5 and 6 We found that observations were low for those divorced, single, widowed, and separated women. We eliminated those classifications, ran the model using the data for currently married or unmarried women, and subjected the sample to penalized logistic regression analysis. In 2009 and 2011, married participants were less likely to smoke than unmarried women. The alcohol consumption rates of married and unmarried respondents for 2004, 2006, 2009 , and 2011 did not significantly differ (Tables S1-S3 in Supplementary File). 
Discussion
We investigated the trends and influencing factors of smoking and alcohol consumption among Chinese women at different reproductive stages (puberty: 18-23 years, optimal reproductive age: [24] [25] [26] [27] [28] [29] [20] . This reduction may be attributed to the close relationship between the changes in women's drinking rates and economic changes. First, nationwide real estate sales rose by 9.7% in 2004 relative to those in 2003. In Chinese traditional culture, the house is the symbol of the family. Rapid increases in housing prices deterred most families from purchasing houses. Increased housing demands increased the stress experienced by families. Women, in particular, bear the brunt of the stress experienced by families. At the same time, the purchasing power of Chinese women remained strong, given that China's economy was still rapidly developing. Many women consumed alcohol to relieve stress. Thus, alcohol consumption rates remained high in 2004. From 2004 to 2006, however, China experienced a stock market crash, and major food safety problems. The stock market crash drastically reduced the purchasing power of women in China. In addition, several incidences of the adulteration of edible alcohol with industrial alcohol aroused public distrust in alcoholic drinks. As a result, drinking rates among Chinese women fell sharply between 2004 and 2006. From 2006 to 2011, China's economy entered a stable state of growth, and gradually recovered from the effects of the stock market crash. In addition, the Chinese government introduced a series of policies to ensure the safety of alcohol products. The alcohol consumption rate among Chinese women increased gradually over this period, and gradually recovered. Nevertheless, the alcohol consumption rate for 2011 remained lower than that for 2004, because women had gained a good understanding of the negative effects of alcohol. The alcohol consumption rates obtained by our study may be lower than the actual rates. This inconsistency may be attributed to study limitations or to the differences in cultural background, economic level, social status [25] , and educational levels among women in different regions.
Similar to previous studies [26] , our study showed that mature married women were less likely to smoke than young single women. Smoking rates among Chinese men are some of the highest worldwide. The smoking behaviors of married women may be influenced by those of their partners. Partners play an active role in the decision and behavior of women to quit smoking [27] . In addition, most married women are pregnant, or have already become pregnant. Numerous studies have demonstrated the adverse effects of smoking on pregnant women and infants. Thus, husbands and partners actively support and encourage their wives and partners to quit smoking. Nevertheless, the smoking behavior of partners is a risk factor for smoking among pregnant women [28] . Community health education can help raise awareness on the dangers of tobacco use among pregnant women, and effectively encourage women to quit smoking [29] . Smoking rates among women increase with age. Thus, different health education strategies that promote smoking cessation and that target specific age groups of women must be developed. Future research should consider the effects of health education on the decisions of pregnant women and their partners to quit smoking. Numerous public service advertisements regarding tobacco control are televised in China. Many of these advertisements focus on the disadvantages of tobacco exposure during pregnancy. Graphic warnings, particularly advertisements showing the real consequences of smoking, generate strong reactions [30] . The serious adverse effects of smoking on infants are important factors that influence the decision of married women to quit smoking. Public service advertisements and other forms of publicity should emphasize and describe the consequences of smoking, to promote awareness and smoking cessation.
We found that women who reside in rural areas and who are unemployed were less inclined to drink than those who live in urban areas and who are employed. Women living in urban areas are stressed to the point that they experience negative emotions, such as depression and anxiety [31] . A previous study showed that women from rural areas are likely to begin drinking heavily after moving to urban areas, in response to high situational pressure [32] . Women who are affected by negative emotions, such as depression, are likely to drink heavily [33, 34] . Heavy drinking is an important predictor of risky behaviors, such as suicide, among women [35] . Meanwhile, different jobs may also increase alcohol consumption in women. Women may engage in male-dominated occupations requiring masculine behavioral patterns that conflict with female behavioral patterns. Hence, women in such occupations may consume alcohol to relieve the negative emotions that result from high personal and societal pressure [36] . Work-family conflicts are also important factors for heavy drinking among women [37] . Excessive drinking can reduce effectiveness at work, and ultimately result in job loss. Unemployment exerts burden on families. Reduced family support can lead to heavy drinking among women [38] . We also found that women with an educational attainment of middle school were less likely to drink alcohol than those with an educational attainment of primary school or below. Women with an educational attainment of university or above, however, were likely to drink. This pattern may be attributed to the engagement of women with high educational levels in socially important work. In some workplaces, women may resort to masculine behaviors, such as heavy drinking, to gain social status. In the future, we can study the coeffects of different jobs and educational levels on women's drinking behaviors, and establish a sound social mechanism to address the mental health of women. Notably, the amount of alcohol consumption in Chinese women was not included in the study. Additionally, it is possible that some of the women who drink do not reach binge drinking levels, and do not require intervention. However, we also discussed the negative effects of heavy drinking to arouse women's attention to drinking behaviors and to further promote female abstinence, although the drinking rate may not be high among women.
We found that women aged 45-49 years old were more likely to smoke than adolescents. Previous studies showed that smoking during menopause results in decreased bone mineral density and abnormal BMI [39] . A previous study in China found that menopausal women have poor psychological, social, and physiological qualities of life [40] . These problems make women aware of aging, and they develop negative attitudes. Women with negative attitudes are likely to show symptoms of depression, irritability, and fatigue [41] . Smoking is associated with negative emotions, such as depression, which may be a major cause of smoking problems among menopausal women [42] . A previous research found that Chinese women who lead active lives do not notice their aging. Women in their 40s exhibited the least positive attitude towards aging [41] . This attitude may explain the widespread popularity of physical activities, such as square dancing, among Chinese women. Proper physical activity can improve the quality of life [43] , alleviate negative attitudes towards aging, and promote smoking cessation among Chinese women. We also recommend adopting measures to address the psychological problems experienced by Chinese women. While the smoking behaviors of these women may not be sufficiently severe to warrant intervention, we suggest developing measures that might help prevent women from initiating smoking behavior.
Similar to previous studies [21, 23] , our study found that female drinkers were likely to smoke, and that female smokers were likely to drink. The use of alcohol tends to increase the use of other addictive drugs, such as tobacco [22] . The social status of Chinese women has continuously been improving, and Chinese women actively participate in social occasions. Many women believe that cigarettes and alcohol act as catalysts to liven up the atmosphere at parties, and those who drink in small quantities also begin smoking. In addition, smoking and drinking are widespread among young Chinese women [18, 44] . The advertising industry has falsely associated the use of tobacco and alcohol with beauty, charm, and freedom. This false association has prompted young Chinese women to combine tobacco and alcohol consumption.
The WHO stated that compared with Japanese women with similar cultural backgrounds, Chinese women tend to consume less amounts of tobacco but similar amounts of alcohol [45, 46] . Japan's tobacco control policies are effective. The per capita alcohol consumption in China is increasing, whereas that in Japan is declining. Although our study did not focus on the specific amounts of tobacco and alcohol consumed by Chinese women, we examined the rising trend of drinking rates among Chinese women. Given China's large population, even a low alcohol consumption rate indicates that a large number of women are drinking alcohol. From 2004 to 2011, China underwent rapid economic development, and an increasing number of women began to live independent and free lifestyles. Traditional Chinese culture does not approve of smoking and drinking by women. However, these behaviors have become acceptable, given that Chinese society has become increasingly open and inclusive. At the same time, women have begun to assume different societal roles while bearing most of the responsibilities and pressures in the family. Working women have to use tobacco or alcohol in social situations to improve their relationships, and alcohol seems to be a more popular choice than tobacco.
Our study has several advantages. First, we used data from longitudinal studies conducted by the CHNS, and included data from 2004 to 2011. This approach allowed us to characterize recent trends in the smoking and drinking behaviors of Chinese women. Second, our results reflect the smoking and drinking behaviors of Chinese women, given the large sample size of our study. Third, we focused on the trends shown by the changes in the drinking behavior of Chinese women and the factors that influence their smoking and drinking behaviors at different ages. Our study is essential for determining the changes in the smoking and drinking behaviors of Chinese women of different ages under the influence of sociodemographic factors. However, our study also has several limitations. The subjects of the CHNS survey vary yearly. In addition, the CHNS does not fully reflect the current situation of the smoking and drinking behaviors of Chinese women, because it is not a nationally administered survey. Thus, the CHNS may underestimate smoking and drinking rates among Chinese women, especially the low rate of smoking. Although some measures have been taken to reduce the deviation caused by the low smoking rate, this effect may still exist. Notably, in the CHNS study, some female participants reported consuming tobacco or alcohol, but did not report the amount of tobacco and alcohol that they had consumed. The current study only focused on whether women smoked at least once, and whether they had drunk alcohol in the year preceding the study year, and not the specific amount of tobacco and alcohol that they had consumed. Meanwhile, the CHNS study did not distinguish between women with smoking/ drinking experience, and current or ever smokers/drinkers. In addition, our study only analyzed the data for 2004, 2006, 2009, and 2011 . Some influential sociodemographic factors did not show strong correlations in all the survey years. Lastly, we were unable to analyze behavioral trends after 2011, given that the latest data have not been released yet. Table S1 : characteristics of 10,934 participants stratified by survey year (N, %), Table S2 : penalized logistic regression analysis of tobacco consumption amongst adult women of reproductive age, Table S3 : penalized logistic regression analysis of alcohol consumption amongst adult women of reproductive age.
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